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Background To determine the factors associated with the risk of delivery-related perinatal and neonatal death among term infants presenting by the breech and the effect of changes in the mode of delivery on the overall rates of perinatal and neonatal mortality associated with breech presentation.
Methods
We studied 32 776 singleton term infants presenting breech excluding anomalous and antepartum losses in Scotland between 1985 and 2004, using linked Scottish national registries of pregnancy outcome data and perinatal death data. The event was delivery-related perinatal and neonatal death (i.e. intrauterine fetal death during labour or death of infant in the first 4 weeks of life), subdivided according to intrapartum anoxia or mechanical cause of death. Analysis was by multivariate logistic regression.
Results
During the study period, the risk of delivery-related perinatal and neonatal death decreased by 72% (95% CI À1% to 93%), due to a 90% (95% CI 33-99%) reduction in anoxic or mechanical deaths. Both intrapartum (OR 0.16, 95% CI 0.02-0.75) and planned (OR 0.01, 95% CI 0.00-0.09) caesarean delivery were protective against anoxic or mechanical deaths and increased use of planned caesarean delivery accounted for 16% of the decline in anoxic and mechanical deaths over the study period.
Conclusion Increased use of planned caesarean delivery only partly explains the decline in delivery-related perinatal and neonatal death between 1985 and 2004 in Scotland.
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Background
The Term Breech Trial, a multi-centre international randomized controlled trial published in 2000, reported a significant reduction in the risk of perinatal death or serious neonatal morbidity during the first 6 weeks of life with planned caesarean births compared with planned vaginal births. 1 This resulted in a significant shift in clinical practice with planned caesarean delivery becoming the preferred mode of delivery for breech pregnancies. 2, 3 Prior to the publication of the Term Breech Trial, even in countries with high vaginal breech delivery rates, such as The Netherlands, the rate of vaginal breech delivery was beginning to decrease in favour of caesarean delivery. 4 This change in clinical practice has been credited as responsible for improved perinatal outcome including perinatal death. 5 However, this has not been addressed by a multivariate analysis of longitudinally collected data.
The aims of this study were (i) to determine the trend of delivery-related perinatal and neonatal death amongst term breech pregnancies in Scotland, between 1985 and 2004 and (ii) to determine the influence of maternal, fetal, obstetric and service factors on the risk of delivery-related perinatal and neonatal death and their contribution to changing rates of perinatal and neonatal mortality.
Methods Population
The Scottish Morbidity Record-2 (SMR2) specifically collects information on clinical and demographic characteristics and outcomes for all patients discharged from Scottish maternity hospitals. The register is subjected to regular quality assurance checks and has been 499% complete since the late 1970s. 6 The quality assurance exercise done in 1996-97 compared 5% of case records (n ¼ 1414) with the SMR2 database during a 6-month period. This exercise demonstrated that all fields used in the present study had <2% errors with the exception of maternal height (4.4%), estimated gestation (5.6%) and induction of labour (6.4%). 7 Records of singleton births from the SMR2 between 1985 and 2004 inclusive were identified and linked to the Scottish Stillbirth and Infant Death Survey (SSBIDS), a national registry that routinely classifies all perinatal and neonatal deaths in Scotland. Coding of the cause of death is performed by a single medically qualified individual (the Scottish coordinator) in the Information and Statistics Division of the National Health Service (NHS) on the basis of the clinical information obtained from the local coordinators and pathologists. Cases are identified through registration of stillbirths and neonatal deaths with the General Registrar's Office, which is a legal requirement following death. The register is 100% complete when compared with death certificate database and has been described in detail elsewhere. 8, 9 Approval for the record linkage was provided by the Privacy Advisory Committee of the Information and Statistics Division of the NHS Scotland.
The study cohort comprised all singletons with breech presentation delivered between 1985 and 2004. The study exclusion criteria were multiple pregnancy, antepartum stillbirth (pre-labour intrauterine fetal death), perinatal death due to congenital abnormality or rhesus isoimmunization, delivery outside 37-43 weeks' gestation, records with unknown mode of delivery and deliveries in units with annual number of deliveries of less than 10.
Definition of maternal and obstetric characteristics
We adjusted the risk of delivery-related perinatal and neonatal death for maternal age, height, parity, socioeconomic deprivation, gestational age, fetal sex and birthweight percentile, induction of labour, hospital throughput and mode of delivery. All these characteristics except the following were defined as previously described. 10 Breech presentation was defined as any case where presentation was documented as breech or where the mode of delivery was breech. Hospital throughput was defined as the total number of births recorded in the SMR2 database for the given hospital over the given year. Hospital throughput was categorized into equal and above or below the median (3000 births). Mode of delivery was divided into four categories. They were breech delivery, pre-labour emergency caesarean delivery, post-labour emergency caesarean delivery and planned caesarean delivery. Breech delivery was defined as any breech delivery which was recorded as spontaneous, assisted or delivered by breech extraction. Planned caesarean delivery was coded as such in SMR2. Pre-labour emergency caesarean delivery was defined as emergency caesarean delivery in which the duration of labour was recorded as zero and post-labour emergency caesarean delivery were all other emergency caesarean deliveries.
Definition of delivery-related perinatal and neonatal death Perinatal death was coded using a modification of the Wigglesworth classification. 9, 11 Stillbirth during the latent or active phase of labour was defined as intrapartum stillbirth. Neonatal death was defined as death during the first 4 weeks of life in a live-born baby. Deaths in the entire neonatal period were included, as deaths due to events in labour may occur beyond the early neonatal period. 12 The cause of perinatal death was classified according to a hierarchical system which is described in detail elsewhere. 9 Delivery-related perinatal and neonatal death was defined as intrapartum stillbirth or neonatal death, excluding deaths due to congenital abnormality or rhesus isoimmunization. A sub-group of these events was studied, namely, those losses ascribed to an obstetric mechanical cause and/or a paediatric definition of intrapartum anoxia, identified by the modified Wigglesworth classification.
Statistical analysis
Continuous variables were summarized by the median and interquartile range, and comparisons between groups were made by Kruskal-Wallis test. Univariate comparisons of dichotomous data were made by the use of the 2 -test and the test for trend as appropriate. Logistic regression analysis was used to estimate crude and adjusted odds ratios. Due to small number of events in each category of mode of delivery, univariate comparison of events by mode of delivery was performed using Fisher's exact test and exact logistic regression was used for multivariate analysis. In the analysis, time was modelled as the change in the incidence over a 20-year period. This was then reported in percentage change over time. The significance of interaction between year and mode of delivery was also tested. In the primary analysis, observations with missing values for any covariates except height and socioeconomic deprivation category were excluded. Categories of missing value for height and socioeconomic deprivation were created. Similar results (not presented here) were obtained from the following sensitivity analysis: (i) comparing models with and without missing values (complete case analysis) and (ii) multiple imputation by chained equations to handle missing values in all variables in the multivariate logistic model (five imputations were created using an imputation model including all covariates and outcome variables). Clustered analysis at hospital-and maternal level was performed on the crude logistic model to allow for clustering of deliveries in maternity units and repeated deliveries to the same individual. The P-value for all the hypotheses were two sided and evidence of association was set at P < 0.05. Univariate and multivariate analysis were performed using STATA, version 8.0, software (Stata, TX, USA) or LogExact version 5.0 (Cytel Software, MA, USA). Clustered analysis was performed using MLwiN 2.02 (University of Bristol, UK). Multiple imputation was performed using the ICE package in Stata 8.0.
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Results
The SMR2 contained 1 163 914 records of singleton births between 1985 and 2004 and 41 341 (3.6%) of these were breech. We excluded 8229 (19.9%) records where gestation was outside 37-43 weeks, 103 with missing values for gestation (0.2%), 97 (0.2%) antepartum stillbirths and 104 (0.3%) perinatal deaths due to congenital abnormality or rhesus isoimmunization. We further excluded 26 records which were documented as breech presentation but were coded with mode of delivery that is only compatible with cephalic presentation, which included nine spontaneous cephalic deliveries and 17 instrumental deliveries (forceps and ventouse). Three records with unknown mode of delivery and three records where the deliveries were documented to have taken place in hospitals delivering less than 10 women per year were also excluded. This resulted in a study cohort of 32 776 pregnancies which was 3.0% of all singleton-term births between 1985 and 2004. There were 32 intrapartum and neonatal deaths, of which 17 were anoxic and 15 non-anoxic (Table 1) . Five of the 32 deaths occurred in the late neonatal period (i.e. beyond the first 7 days of life), of which only one was due to intrapartum anoxia. The probability of death from anoxia decreased over the 20-year period ( Figure 1A ). The incidence of non-anoxic deaths remained stable over the same period ( Figure 1B) .
The demographic, maternal and obstetric characteristics are reported by the mode of delivery in the study cohort (Table 2 ). Approximately 60% of the cohort was delivered by planned caesarean delivery and the remaining 40% were divided approximately equally between vaginal breech delivery, pre-labour emergency caesarean delivery and post-labour caesarean delivery. The trend of mode of delivery changed over the 20 years (Figure 2 ). The proportion delivered by vaginal breech delivery fell from 20.3% in 1985 to 5.4% in 2004. In the corresponding time period the proportion of the study cohort delivered by planned caesarean delivery increased from 50.5% to 62.8%. All the maternal, fetal, obstetric and service factors differed significantly by mode of delivery (Table 2) . Women having a vaginal breech birth were younger, taller, more likely to be parous, had smaller babies and were more likely to deliver in a high-throughput unit.
There were 11 (28.0 per 10 000 births) deliveryrelated perinatal and neonatal deaths in women who had a vaginal breech delivery. Of these, 10 were anoxic. The risk of death (24.3 per 10 000 births) was similar among women having a pre-labour caesarean delivery, but only approximately half of these losses were anoxic. There were four (8.1 per 10 000 births) perinatal and neonatal deaths in those who had a post-labour emergency caesarean delivery and two of these were due to anoxia. There were seven (3.5 per 10 000 births) perinatal and neonatal deaths in women who had a planned caesarean delivery and all were due to non-anoxic causes. The absolute risk of anoxic perinatal death was 25.5 per 10 000 deliveries (95% CI 12.2-46.8) for women who had a vaginal breech delivery, 12.2 per 10 000 deliveries (95% CI 4.0-28.4) for women who had a pre-labour emergency caesarean delivery, 4.1 per 10 000 deliveries (95% CI 0.5-14.7) for women who had a post-labour emergency caesarean delivery and 0 per 10 000 (95% CI 0.0-1.9) among women who had a planned caesarean delivery. Compared with vaginal breech delivery, the risk of deliveryrelated perinatal death was lower among women delivered by post-labour and planned caesarean delivery. Both of these associations were explained by reduced risks of deaths due to anoxia (Table 3) .
There was a downward trend in the risk of deliveryrelated perinatal and neonatal death in women with breech presentation at term during the period between 1985 and 2004 (crude OR 0.28; 95% CI 0.07-1.01). This translates to a 72% reduction in the risk of delivery-related perinatal and neonatal death during the study period. When analysed by the type of death, the association was stronger for anoxic deaths, with a 90% decrease in risk during the study period (crude OR 0.10; 95% CI 0.01-0.67). Multivariate analysis of the risk of anoxic death required exact logistic regression due to the absence of events among women delivered by planned caesarean delivery. Due to the computational intensity of this method, adjustment for year and maternal characteristics required that each of these were examined separately (Table 4) . Adjusting for mode of delivery slightly attenuated the downward trend in the risk of anoxic death (adjusted OR over the study period 0.24; 95%CI 0.03-1.61). This translates to a 76% reduction in the risk of anoxic cause deaths during the study period, when adjusted for mode of delivery. Mode of delivery therefore explains 16% of the 90% decline in the risk of anoxic deaths. Adjustment for gestational age attenuated the downward trend in the risk of anoxic deaths (Table 4) . However, this is due to the earlier gestational age of planned caesarean delivery. Gestational age does not modify the trend of anoxic death which has been adjusted for mode of delivery (OR 0.26; 95% CI 0.03-1.76). When adjusted for mode of delivery plus one other maternal characteristic, the only significant effect was a slight strengthening of the association when adjusting for maternal age, indicating that increasing maternal age in the population attenuated the downward trend in mortality (adjusted OR over the study period 0.17; 95% CI 0.02-1.21). There was no significant variation in the risk of non-anoxic death over the period of study, either in univariate (crude OR 0.77; 95% CI 0.13-4.66) or multivariate analysis (adjusted OR 0.67; 95% CI 0.10-4.18). The nature and statistical significance of associations were not affected by analytic methods which corrected standard errors for clustering at maternal and hospital level (data not shown) or by using multiple imputation for dealing with missing values.
Discussion
We found a downward trend in the risk of intrapartum stillbirth and neonatal death amongst women with breech presentation at term in Scotland between 1985 and 2004. Further analysis demonstrated that this was predominantly due to a reduction in the risk of perinatal and neonatal death due to anoxia. Over the period of study, the proportion of breeches delivered vaginally declined from approximately 20% to 5%. Delivery by planned or intrapartum caesarean delivery was protective against anoxic death, when compared with vaginal breech birth (odds ratios 0.01 and 0.16, respectively). However, adjustment for mode of delivery reduced the trend of the decline in anoxia-related mortality by about 16%. We conclude that increased use of planned caesarean delivery reduces the risk of adverse outcome in breech presentation at term. However, other factors may have also contributed to recent declines in perinatal and neonatal mortality associated with term breech birth.
This study can only address the effect of planned caesarean delivery on population trends in perinatal and neonatal mortality. Women delivered by emergency caesarean delivery are a heterogeneous group. Some women will have been scheduled for planned caesarean delivery and presented prior to the date in labour. Others will have had undiagnosed breech and then be delivered by caesarean delivery during labour when the presentation becomes apparent. Others will have attempted vaginal breech birth but have been delivered by caesarean section when complications arose. Hence, the effect of adjustment for rate of emergency caesarean delivery is difficult to interpret. We believe that a significant proportion of the 'unexplained' decline in perinatal and neonatal deaths due to anoxia over the period of study is due to more liberal use of emergency caesarean delivery. However, this cannot be directly addressed without knowledge of whether women delivered by emergency caesarean delivery were truly attempting vaginal breech birth. Information such as this and indication for caesarean delivery is not usually available in population-based registries.
Other than mode of delivery, only maternal age was independently associated with the risk of death due to anoxia, with women older than 35 years at increased risk of these events compared with women aged between 25 years and 35 years (crude OR 2.84; 95% CI 0.93-8.68). Adjustment for maternal age slightly strengthened the negative association between year of delivery and the risk of anoxic death, suggesting that population trends of increasing maternal age and its impact on caesarean delivery have somewhat masked the decline in perinatal and neonatal mortality. 
Comparison with other research
The Term Breech Trial demonstrated that where the baby presented by the breech at term, planned caesarean delivery was associated with reduced perinatal mortality and morbidity. 1 Despite exclusion of deaths due to congenital abnormality, it has been suggested that some of the perinatal mortality among participants in the Term Breech Trial may have been due to causes unrelated to mode of delivery. 16 Moreover, breech pregnancies are recognized to be at increased risk of adverse perinatal outcome independently of mode of delivery. 17 The present study combined larger numbers of patients with detailed information about the cause of death. We were able to confirm that the apparent protective effect of planned caesarean delivery was due to a reduced number of deaths attributable to complications during labour and delivery. Planned caesarean delivery did not reduce the risk of death due to causes other than anoxia or trauma.
A report of nationally collected data from The Netherlands described coincident rises in the caesarean delivery rate and a reduction in perinatal mortality following the publication of the Term Breech Trial. 5 These authors excluded deaths from congenital abnormality and antepartum stillbirths but did not differentiate anoxic from non-anoxic perinatal deaths. The strengths of the present study were that we can demonstrate that the protective effect of planned caesarean delivery is specific for deaths directly related to complications of labour and delivery. This underlines the biological plausibility of the association and supports the likelihood of a causal association.
The absolute risk of delivery-related perinatal and neonatal death in the present study associated with vaginal breech birth was 28.0 per 10 000. Moreover, the risk appeared to reduce over the period of study although the number of events was too small to make reliable statements regarding this. This absolute risk is significantly lower than the data from The Netherlands, which reported an absolute risk of 49.4 per 10 000 between 2000 and 2003 (i.e. after the Term Breech Trial was reported) among infants with birthweight <4000 g. This is despite the fact that they excluded late neonatal deaths. The apparent greater risk may be explained by selection of candidates for vaginal birth. Between 2000 and 2003, the rate of vaginal breech birth fell from 40% to 20%. In contrast, the overall rate in our population was 12% and by 2004 it was $5%. It is possible that in the later years in Scotland, the population delivering vaginally were highly selected, for example, women presenting in advanced labour with a baby presenting by the breech. Concerns about complications of caesarean delivery in this type of situation may lead the attending obstetrician to allow a vaginal breech presentation and the apparent lower mortality in the Scottish population may be explained by selection bias. This is in keeping with population cohort studies from California of more than 100 000 term breech pregnancies, where the overall caesarean delivery rate was 95%, the neonatal mortality was low at 18.5 per 10 000 births for infants delivered by vaginal breech delivery. 18 The current analysis allows a reasonably stable estimate of the risk of a perinatal death following a planned caesarean delivery for breech at term. We observed seven deaths among 19 832 procedures, giving a risk of 3.5 per 10 000 (95% CI 1.4-7.3). This is somewhat higher than the approximately 1.0 per 10 000 risk of perinatal death associated with planned repeat caesarean delivery. 10, 19 This may reflect the other associations with breech presentation. 17 However, both these figures are lower than a recent report from the US birth certificate database. 20 This study attempted to identify caesarean births with 'no indicated risk'. However, they excluded repeat caesareans and breech presentation which constitute 490% of all planned caesarean procedures. Hence, their caesarean group consisted of largely emergency procedures. The 7.6 per 10 000 risk of neonatal death, unrelated to congenital abnormality, is higher than for planned caesarean delivery for breech or for previous caesarean delivery and this is likely due to a confounding effect of the indication for emergency caesarean delivery.
In summary, our findings demonstrate a decline in perinatal deaths due to anoxia among term breech pregnancies between 1985 and 2004. This has coincided with increased rates of planned and emergency caesarean delivery. However, changes in use of planned caesarean delivery only partly explain the reduction in perinatal mortality.
